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SECTION 1 – STREAM MONITORING FOR THE CONSERVATION RESERVE 
ENHANCEMENT PROGRAM 
The Conservation Reserve Enhancement Program in Illinois 
Illinois Conservation Reserve Enhancement Program (CREP; est. 1998 Illinois River, 2010 Kaskaskia River) 
was developed with the United States Department of Agriculture (USDA) to improve water quality by 
reducing sediment and nutrient loading to water bodies and to enhance wildlife habitat for Threatened 
and Endangered Species by providing financial incentives for private landowners to take highly erosive 
agricultural lands out of production.  Illinois CREP has physiochemical goals to reduce silt and 
sedimentation along with phosphorus and nitrogen associated with runoff from agricultural lands.  In 
addition, Illinois CREP aims to increase bird populations and native fish and mussels stocks dependent 
on sensitive lands and their associated waters (State of Illinois 2010).  As part of this cooperative 
agreement between the State of Illinois and the USDA the State has been given the responsibility to 
conduct a monitoring and assessment program to measure the success of these efforts.  With the 
opening of the Kaskaskia River to CREP enrollments in 2010 the Illinois Department of Natural 
Resources’ Division of Private Lands and Watersheds has expressed an interested in developing a 
monitoring program focused on assessing the aquatic biological goals of the Illinois CREP.   
Need for a Stream Monitoring Program 
The CREP program has two goals relevant to streams: Reduce sediment loading by 20% and phosphorus 
and nitrogen loading by 10% in the mainstem Illinois and Kaskaskia Rivers, and increase the native fish 
and mussel stocks by 10% in the Illinois and Kaskaskia Rivers.  Monitoring and assessment during the 
past two decades have mainly focused on the physiochemical goals of CREP in the  Illinois River.  
Watershed monitoring and analysis of existing water quality data have allowed estimates of overall 
sediment and nutrient loading for the entire basin (Demissie et al. 2004) and more detailed estimates 
for several sub-watersheds (Demissie et al. 2001, State of Illinois 2010).  Biological monitoring in CREP 
areas has included implementation monitoring of CREP enrolled lands (State of Illinois 2010) and basin -
wide surveys of fish and macroinvertebrates (IEPA 2010, Molano-Flores 2002) and mussels (Shasteen et 
al. 2013).  With the opening of the Kaskaskia River to CREP enrollments in 2010 the Illinois Department 
of Natural Resources’ Division of Private Lands and Watersheds expressed an interest in developing a 
monitoring program focused on assessing the aquatic biological goals of the Illinois CREP.  
A monitoring program must be sufficiently robust that it can quantify changes in the assessment metrics 
and separate treatment effects (e.g., density of CREP in watershed) from regional and temporal 
background noise (e.g., land use changes, species introductions).  Important potential covariates are 
urban and agricultural land use (point and non-point discharges), altered flow regimes (watershed 
modifications and climate change), and land use change.  Since biological monitoring alone is unable to 
identify individual stressors or assess impacts of specific alterations in stream water quality (or a 
changing climate) these characteristics must also be monitored.  Existing monitoring programs such as 
the IEPA Ambient Water Quality Network (27 active Stations in Kaskaskia Watershed), IDNR/IEPA 
Intensive Basin Survey, and River Watch that routinely measure many physical, chemical, and biological 
attributes of Illinois’ waterbodies were designed to report current site conditions rather than identify 
trends associated with changes in land use practices. One basic approach to develop a monitoring 
program to address these issues includes a combination of fixed station and randomly selected sampling 
sites that would include the full range of conditions within the river system.  Fixed sampling sites can be 
used to address year-to-year variation and identify long-term temporal trends in stream characteristics 
at individual locations.  Randomly selected sampling sites can be used to identify relationships between 
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stream characteristics and landscape characteristics (including density of conservation lands) and also to 
identify basin-wide temporal trends in stream characteristics.  Both fixed and random sites can be used 
to evaluate an “increase” in fish and mussel stocks in relation to the CREP.      
The Illinois State Water Survey (ISWS) has engaged in monitoring of sediment and nutrient loading in the 
Illinois River basin since 2000 and the Kaskaskia River basin since 2014.  Accordingly, the focus of the 
monitoring program described in this report is the characterization of biota within the Kaskaskia River 
basin.   
SECTION 2 – DESCRIPTION OF THE KASKASKIA RIVER BASIN 
Geographical and Physical Characterization of the Basin 
The Kaskaskia River basin encompasses approximately 14,885km2 (10.2% of Illinois land area) and is the 
second largest basin in Illinois (Southwestern Illinois RC&D 2002).  The basin boundaries include all or 
parts of 22 counties and the urban areas of Champaign, Vandalia, Highland, Centralia, Sparta and 
Belleville.  The mainstem river originates in Champaign County northwest of Champaign and flows 
southwest to the Mississippi River near Ellis Grove in Randolph County, a distance of approximately 
520km.  There are 5391 confluence to confluence stream segments  in the Kaskaskia River basin that 
flow for a total of 38,810km (1:100,000 resolution linework), and approximately 95% of those segments 
are wadeable (stream order ≤4, Figure 1).     
The mainstem river is impounded by two Army Corps of Engineers flood-control reservoirs (Carlyle Lake 
and Lake Shelbyville) with a total surface area of approximately 150km2, and ten additional reservoirs on 
tributaries to the Kaskaskia River with a surface area of at least 1km2 (Figure 1).  The downstream most 
58km of the mainstem Kaskaskia River, between the Mississippi River and Fayetteville, was straightened 
to create a navigation channel suitable for barge traffic.       
The Kaskaskia River basin is subdivided into four United States Geological Survey HUC8s (hydrologic unit 
code, a hierarchical classification system that groups catchments by similarities in geology and 
geography); the Upper Kaskaskia, Middle Kaskaskia, Shoal Creek and Lower Kaskaskia (Figure 1).  As 
these HUC8s vary with respect to land use, geology and biota, they are a useful resolution for describing 
patterns within the basin and characterizing streams at a resolution finer than the entire basin. 
Two ecoregions are present within the boundaries of the Kaskaskia River basin: the Central Corn Belt 
Plaines and the Interior River Valleys and Hills (Level III regions, Omernik 1987).  The Central Corn Belt 
Plaines occurs in the upper third of the basin (Figure 2) and is typified by loam and clay soils deposited 
during glaciations.  The topography is generally flat and much of the landscape has been converted to 
agriculture.  Historic vegetation communities were comprised of prairie and oak-hickory forest.  Many of 
the region’s streams have been heavily modified to speed drainage (Wiken et al. 2011).  The Interior 
River Valleys and Hills ecoregion occurs in the southern two-thirds of the basin and exhibits greater 
topographic diversity than the Central Corn Belt Plains in the form of river bluffs and more developed 
stream valleys and river floodplains.  The upland soils are comprised of loam and clay, but lowlands are 
dominated by river deposits like sand and gravel.  Historic vegetation was dominated by forest.  Much of 
this ecoregion has been converted to cropland or pastureland, but less so than the Central Corn Belt 
Plains (Wiken et al. 2011).    
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Land cover (USDA 2002) in the Kaskaskia River basin is predominately agriculture (71%) with some forest 
(16%), urban (9%), wetland (2%) and grassland (1%) cover (Figures 3 - 6).  Land cover amongst the four 
subbasins varies; the upper subbasin is 80% agriculture, while the other three subbasins range between 
65% and 70%agriculture.  The middle subbasin has the greatest proportion of forest land cover (21%) 
followed by the Shoal Creek (18%), Lower (15%) and Upper (10%) subbasins.  Urban land is most dense 
in the Lower subbasin (12%) while the remaining subbasins are between 8% and 9% urban land.  
Approximately 80% of the Kaskaskia River basin is comprised of disturbed land (the sum of agriculture 
and urban land use), and the Upper subbasin has the highest amount (88%) followed by the Lower 
(80%), Shoal Creek (79%) and Middle (74%) subbasins (Figure 7).  Approximately 63% of local 
catchments (the area draining to a confluence to confluence stream segment) are ≥50% disturbed land, 
34% of local catchments are ≥75% disturbed land and 12% are ≥90% disturbed land(Figure 8).    
 
Existing Physicochemical and Biological Characterizations  
Several existing stream habitat and biotic evaluations have been completed by Illinois State Agencies, 
Universities or other research groups that can be utilized to characterize the Kaskaskia River basin.  The 
majority use stream biota in their assessments, but landscape characteristics are used by some.   
Evaluations described here are limited to those occurring within the past ten years and those with 
relevance to CREP conservation objectives.      
 
The National Fish Habitat Partnership (NFHP) conducted an effort to assess stream disturbance within 
the United States (Esselman et al. 2011).  The resulting disturbance rating method was based on 
landscape characteristics including land use, population density, and presence of roads, dams, mines 
and point-source outfalls and streams were placed into a five-point scale ranging from very low to very 
high habitat degradation.  The greatest number of local catchments in the Kaskaskia River basin fall into 
the “moderate” disturbance category (39%; Table 1, Figure 9), and 35% of local catchments are rated 
“high” or “very high.”  The Upper HUC8 subbasin has the greatest proportion of “high” or “very high” 
disturbance streams (62%) and is nearly double that of the next most degraded HUC8 (Lower, 32%).     
 
An evaluation of Illinois stream biodiversity (Bol et al. 2007) identified high quality (“biologically 
significant”) streams based on an assessment of biological diversity (species richness) and integrity 
(intactness relative to a reference condition).  Data from fish, mussel, benthic macroinvertebrate and 
crayfish collections were used to classify streams.  Diversity and integrity were each scored on a five-
point (A, B, C, D, E) scale and biologically significant streams included those with multiple taxonomic 
groups that achieved an “A” rating.   Biological diversity scores were calculated for eighty stream 
reaches in the Kaskaskia River basin (Figure 10).  The majority of reaches received a “B”, “C” or “D” 
rating (26%, 44%, and 23%, respectively); five streams (6%) were rated “A” and one (1%) was an “E”.  
Seventy-two stream reaches were evaluated for biological integrity (Figure 11) and the majority were 
“B” (39%) or “C” (39%).  Five reaches (7%) were rated as “A” or “D” and six (8%) were “E.”  Fifteen 
stream reaches obtained biologically significant status (Figure 12).  The Shoal Creek HUC8 contained the 
largest number of biologically significant stream reaches (6) and the greatest total stream length under 
this designation.         
    
The Illinois Department of Natural Resources (IDNR) and Illinois Environmental Protection Agency (IEPA) 
provided recommended revisions to the dissolved oxygen standard for streams (IDNR and IEPA 2006).  
This effort included identification of stream segments likely to have high dissolved oxygen 
concentrations based on distribution of aquatic organisms that are sensitive to dissolved oxygen minima 
(Rankin 2004).  In the Kaskaskia River basin there are 283 confluence-to-confluence stream segments 
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suggested for enhanced protection based on this elevated dissolved oxygen concentration assessment 
(Figure 12).    
 
The IEPA has identified Illinois streams which have experienced or are expected to experience a decline 
in water quality (Short, Personal Communication 2015).  These streams fall into at least one of two 
categories: 1) Streams that have maintained a use support (as evaluated through monitoring) but have 
shown a declining trend, or 2) Streams that are within an area experiencing rapid land use change which 
is expected to result in a declining trend.  The IEPA has designated these streams as priority streams for 
protection.  The Kaskaskia River basin contains four priority streams for protection, and all are within 
the Upper Kaskaskia HUC8 (Figure 12).       
 
Existing Physical and Biological Survey Data  
Water quality monitoring and biological surveys have been occurring in the Kaskaskia River basin for 
decades.  Data from these activities collected in the years immediately preceding the initiation of this 
study were gathered to aid basin characterization. 
 
The IEPA completed nearly 3000 nitrogen, phosphorus and turbidity analyses at 745 locations between 
2006 and 2011 in the Kaskaskia River basin (Figure 13).  These variables may be useful for evaluating 
impacts to stream water quality in an agriculturally dominated watershed, like the Kaskaskia.  These 
variables also are similar to those selected for this monitoring program (Section 3) and can provide 
additional spatial and temporal data coverage. 
 
The IDNR has surveyed fish communities at 90 locations since 2007 (Figure 13) using standardized 
procedures (Illinois Department of Conservation 1994).  Most of these surveys have been conducted as 
part of the IDNR/IEPA joint Basin Surveys, while some of those on the mainstream river are surveyed 
biennially.  Basin Survey locations were sampled in 2007 and 2012 (some locations were sampled in 
both years, others in only one).  Fish surveys for this study (Section 3) follow IDNR procedures, and the 
two datasets are complementary.            
 
The IEPA also evaluated instream habitat using the Qualitative Habitat Evaluative Index (QHEI, Ohio 
Environmental Protection Agency 2006) at 94 locations in the Kaskaskia River basin during the 2007 and 
2012 during Basin Surveys.  The QHEI provides a qualitative index of habitat characteristics and is 
sometimes viewed as a measure of biological potential.  Seventy of the locations where QHEI scores are 
available also have associated IDNR fish surveys.       
 
The Illinois Natural History Survey (INHS) completed mussel surveys at 96 locations in the Kaskaskia 
River basin between 2009 and 2012 (Shasteen et al. 2013, Figure 13).  Mussels were collected using a 
standard four person-hour search.  Seventy of the mussel surveys have corresponding IEPA QHEI scores 
taken during 2007 or 2012 Basin Surveys, 64 locations have fish and mussel survey information, and 64 
locations have fish, mussel and QHEI information. 
 
Species of Conservation Concern 
The Kaskaskia River basin contains several species of fish and mussels that meet criteria for conservation 
concern (IDNR 2015).  Four species of fish, including one that is state threatened, are listed as Species in 
Greatest Conservation Need (Table 2, Figure 14).  Each of these species are listed because of their rarity 
and because their habitats are rare or vulnerable to degradation (IDNR 2015).  Seven mussel Species in 
Greatest Conservation Need also are present in the basin (Table 2, Figure 14).  Two of these are state 
threatened and one is both state and federally endangered.  Five of the species are listed as SGCN under 
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the rarity criterion, five are declining, two have rare or vulnerable habitat requirements and one exhibits 
additional vulnerabilities related to distribution patterns.   
Status of Conservation Land Programs  
Several private lands conservation programs are active within the Kaskaskia River basin and may provide 
benefits to streams through reduced sedimentation and nutrient loading, improved instream habitat 
and promoting a less disturbed hydrologic regime.  The Natural Resource Conservation Service (NRCS) 
administers the Agricultural Conservation Easement Program (ACEP) to preserve the function and 
wildlife benefits associated with wetlands.  In 2012, 38 ACEP wetland parcels totaling 16.2 km2 were 
present in the basin.  The United States Department of Agriculture (USDA) offers assistance programs to 
encourage private lands owners to plan and implement conservation activities.  The USDA 
Environmental Quality Incentives Program (EQIP) offers financial and technical assistance to aid land 
owners for implementing a wide range of projects for improving soil characteristics, water quality and 
wildlife habitat.  Access to EQIP parcel locations and characteristics is restricted to us, and therefore 
EQIP presence in the Kaskaskia River basin has not been quantified.  There are 39 Illinois Nature 
Preserves and Land and Water Reserves totaling 56.3km2 in the basin.  Preserves and Reserves are 
designated to protect the natural characteristics within their boundaries.  Assuming the two programs 
do not overlap, the total land area in ACEP, Nature Preserves and Land and Water Reserves is 
approximately 0.5% of the Kaskaskia River basin.   
The largest private lands program in the Kaskaskia River basin is the Conservation Reserve Program 
(CRP).  CRP provides incentives to land owners to remove environmentally sensitive lands from 
agricultural production and place them into an approved conservation practice.  CRP has been active in 
the Kaskaskia River basin for more than 30 years.  At initiation of this monitoring program (2012) there 
were 28,228 CRP parcels totaling 645km2 in the Kaskaskia River basin (4% of the land area) with a mean 
parcel size of 0.05km2 (Figure 15).  Mean CRP parcel size is 0.06, 0.09, 0.08 and 0.02km2 for the Upper, 
Middle, Shoal Creek and Lower HUC8 subbasins, respectively.  Density of CRP within a local catchment 
provides an ecologically meaningful measure of conservation land use relative to a stream segment  
Allan, et al. 1997).  In the Kaskaskia River basin nearly half (48%) of local catchments have no CRP, and 
93% of local catchments have 10% or less of their area (Figure 16) enrolled in the program.  The 
frequency distribution of CRP density varies amongst the four HUC8 subbasins (Figures 17-20); the 
Lower Kaskaskia has the highest proportion of local catchments with no CRP ( 68%) and those with <10% 
CRP (97%), while the Middle Kaskaskia has the lowest proportion (34% with no CRP and 89% with <10% 
CRP).  CRP density within the total upstream catchment of a stream segment reflects a similar pattern 
(Figure 21); 29% of upstream catchments have no CRP and 98% <10% of their area enrolled.  At the 
initiation of this monitoring program no CREP contracts had been completed, and therefore no CREP 
parcels were present in the Kaskaskia River basin. 
SECTION 3 – MONITORING OBJECTIVES AND PROCEDURES 
Monitoring Goal and Objectives 
The goal of this monitoring program is to provide a characterization of Kaskaskia River basin stream 
reaches at a time when CREP program enrollments are opening within the basin.  This program will 
provide a baseline from which change can be measured as the CREP program matures and thereby 
provide a means for evaluating any potential for increase in fish and mussel stocks.  Within this context, 
study objectives are: 
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1. Evaluate chemical, physical and biological status of streams.  This portion of the program will be 
used to determine current status and assess trends over time in stream biodiversity throughout 
the Kaskaskia River Basin accounting for regional and system-wide variation.    
2. Evaluate status of streams with sensitive species. This portion of the program will assess 
temporal trends in the characteristics of sensitive populations in areas of conservation concern.    
3. Assess locations with concurrent monitoring programs for long-term trend evaluation.  
Information from these fixed locations will track temporal changes in biological communities as 
private lands program initiatives mature. 
 
Survey locations and measures were selected to support study objectives.    
 
Survey Site Selection and Procedures  
Physicochemical and biological characteristics evaluated during this monitoring program were selected 
for relevance to the CREP objectives of reduced sediment and nutrients and improved fish and mussel 
stocks.  Some of these characteristics provided direct evaluations of CREP objectives (e.g., nitrate 
nitrogen concentration, fish assemblage survey) while others provide a surrogate through which an 
objective may be indirectly evaluated (e.g., substrate metrics in habitat indices that may relate to 
sedimentation).  Unless otherwise noted monitoring surveys occurred during summer low flow 
conditions to adhere to existing sampling protocols (e.g., IDNR Basin Surveys) and index periods (e.g., 
Smogor 2000). 
 
Survey effort was divided between the three monitoring objectives and survey location selection 
procedures were intended to provide relevant information for each objective.  A stratified random 
procedure was employed to select survey locations for a basin-wide characterization streams (Objective 
1).  Locations were evenly divided amongst the four HUC8 subbasins (stratum 1) and then divided into 
size and local catchment CRP density strata (strata 2 and 3; Figure 22).  There were two size classes: 
class 1 streams were those reaches with link magnitudes (link is the sum of first order streams upstream 
of the target segment) between 2 and 20, and class 2 streams had link magnitudes between 11 and 50 
(based on 1:100,000 streamlines).  Reaches with link magnitudes of one were not included in the 
selection procedure to reduce the likelihood that selected locations would be dry during the summer 
survey period, and the link 50 maximum was an approximation of the upper limit of wadeability.  In the 
Kaskaskia River basin 1619 stream segments (30% of all segments) were in class 1 and 571 (11%) were in 
class 2.  Local catchment CRP density was divided into five classes: class 1 was <1%, class 2 was 1 - <5%, 
class 3 was 5 - <10%, class 4 was 10 - <20%, and class 5 was ≥20%.  As no CREP lands were present in the 
basin at study initiation, CRP was selected as a surrogate conservation land program through which 
impacts of CREP can be estimated. The HUC8 and size strata facilitate a distribution of survey locations 
along the environmental gradients present within the Kaskaskia River basin, while the CRP density 
stratum provides information along a conservation land use gradient.  Water quality, habitat, fish and 
benthic macroinvertebrates were evaluated at Objective 1 locations, and each location was surveyed 
once during the study (Figure 23).     
 
Streams designated as both BSS and enhanced DO (Figure 12) were considered for monitoring as 
sensitive species locations (Objective 2).  Survey locations were placed in groups of three and arranged 
longitudinally along a series of bridges or other access points (Figure 23).  Water quality, habitat and 
benthic macroinvertebrates were evaluated at these locations, and surveys were repeated in each study 
year.    
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Long-term trend monitoring (Objective 3) was conducted in 2015 and 2016 at the four Illinois State 
Water Survey (ISWS) CREP monitoring stations (Figure 23).  Water quality, habitat, fish and benthic 
macroinvertebrates were evaluated at these locations.   
 
Additional survey locations were targeted specifically to supplement graduate student research projects.  
Many of these were streams with high (≥10%) local catchment CRP density  (Figure 23).  Others surveys 
improved distribution of locations along environmental gradients of interest or increased spatial density 
of survey locations.  
 
Temperature Evaluation 
Continuous temperature recorders were deployed at a subset of survey locations in an effort to 
characterize summer thermal regime throughout the Kaskaskia River basin.  Stream thermal regime has 
been shown to impact fish species distribution (Magnuson et al. 1979) and community composition 
(Lyons et al. 2009), and temperature maxima can be influenced by riparian characteristics (Hinz et al. 
2011).  Mean daily July temperature, mean maximum daily July temperature and mean daily 
temperature range were calculated for each temperature record.  Multiple linear regression coupled 
with Akaike’s Information Criterion (AIC) also was used to estimate thermal characteristics at unsampled 
reaches within the Kaskaskia River basin (Figures 25-27).    
 
Water Quality Measures 
Eight measures, which are both biologically relevant and which might reflect the land use gradient 
within an agriculturally dominated watershed, were selected to evaluate water quality at survey 
locations.  Dissolved oxygen, specific conductance, temperature and pH were measured using a Hach 
HQ40d Portable Multi-Meter, while nitrate nitrogen, total reactive phosphorus, ammonia nitrogen and 
turbidity were measured using a Hach DR900 Colorimeter with Test-N-Tube kits.  In addition to 
measurements taken during regular sampling visits, water quality was evaluated following harvest 
(November) at a subset of locations in 2013 and 2014.     
 
Habitat Evaluations 
Habitat characteristics were evaluated using the Illinois Habitat Index (IHI, Sass et al. 2010) and the 
Qualitative Habitat Evaluation Index (QHEI, Ohio Environmental Protection Agency 2006).  The IHI is 
comprised of five metrics which reflect landscape disturbance.  Index scores range from 5 to 24 and high 
scores reflect greater disturbance.  The QHEI evaluates habitat characteristics thought to be relevant to 
fish.  The QHEI uses seven metrics, the sum of which corresponds to one of four qualitative categories.    
 
Benthic Macroinvertebrate Surveys 
Summer benthic macroinvertebrates were collected using the IEPA 20-jab procedure (IEPA 2011).  Jabs 
were divided in proportion to available habitat.  Collected invertebrates were preserved in ethanol, 
sorted in the laboratory, and transported to EcoAnalysts, Inc. (Moscow, ID) for identification and 
enumeration.  Spring macroinvertebrates from the Orders Ephemeroptera, Plecoptera and Trichoptera 
(EPT) were collected using Critical Trends Assessment Program (CTAP) methods (Molano-Flores 2002).  
Many EPT emerge prior to summer, so spring EPT surveys may supplement summer surveys by providing 
additional information for these sensitive taxa.  Collected EPT were preserved in the field and identified 
and enumerated in the laboratory by Eric South (UIUC graduate student) under the direction of Dr. R.E. 
DeWalt (INHS Project Co-PI). 
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Fish Surveys 
Fish surveys followed IDNR Basin Survey procedures (Illinois Department of Conservation 1994) using 
either a DC backpack electrofishing unit (LR-20, Smith Root) or a 30-foot electric seine powered by a 120 
volt generator.  Collected fish were identified and enumerated on site and returned to the stream.  Fish 
assemblages were qualified using the Index of Biotic Integrity (IBI, Smogor 2000).  The IBI categorizes 
fish assemblages into five categories by summarizing ten diversity and trait-based metrics.   
 
 
SECTION 4 – SUMMARY OF SURVEY EFFORTS AND EVALUATION OF OBJECTIVES 
 
Survey events with at least one biological and one physicochemical evaluation occurred at 139 locations 
(Table 3, Figure 23).  When spring EPT collection and fall water quality evaluations are included with low 
flow survey events, 265 data collection efforts were completed. 
 
In general, metrics selected for a monitoring program to evaluate spatiotemporal patterns should be 
broad enough to be relevant across the whole system, sensitive enough that changes can be detected 
through space and time, and be repeatable through time.  Metric used in this study were selected to 
meet these criteria and to advance the overall monitoring goal of evaluating the relationship between 
stream characteristics and private lands programs.  Evaluated characteristics were summarized at the 
whole-basin and HUC8 subbasin scales.  HUC8s provide a convenient mechanism to account for spatial 
differences in land use and geology that occur within the Kaskaskia River basin.  To retain analytical 
resolution for each objective, evaluations were completed for each objective in Section 4 using 
appropriate data (e.g., Objective 1 evaluated using data from randomly selection locations) and in 
Section 5 all data from this monitoring program were combined with those from external sources (e.g., 
IDNR Basin Surveys) to expand the spatiotemporal extent of basin characterizations.  Reporting 
monitoring results with this dual analytical design ensures the spatiotemporal resolution of each 
Objective is retained while basin characteristics are also evaluated. 
 
Objective 1:  Basin-Wide Characterization Survey Events 
Ninety-four locations were surveyed for basin-wide characterization (Objective 1) (Table 3, Figure 23).  
Spatial distribution (HUC8 stratum) was roughly equal with 22 to 25 surveys in each HUC8 (Table 4).  
Survey efforts occurred more frequently at small (size class 1) streams with low CRP density (CRP classes 
1-3) due to the limited availability and accessibility of large streams with high CRP density.  Fish were 
collected at most (84) locations and those without fish samples had spring or summer (or both) 
macroinvertebrate collections to fulfill the biological component for a survey event.  Sixty-eight spring 
EPT surveys occurred.  Water quality measures were taken at 33 basin-wide survey locations in fall and 
at 84 locations during summer surveys.  Habitat was evaluated during each survey where fish or summer 
macroinvertebrates were collected, but not when spring macroinvertebrates were the only biota 
collected. 
 
Water Quality 
Mean dissolved oxygen, conductivity, pH, ammonia, reactive phosphate and turbidity were higher in fall, 
while nitrate was lower, although the ranges of values for both seasons largely overlap (Table 5).  
Dissolved oxygen, pH and ammonia have General Use Water Quality Standards (IEPA 2012), and an 
alternative benchmark intended for use in lakes can be used as a substitute Standard until a standard is 
developed for streams.  Standards were exceeded for dissolved oxygen during 16% of survey events, 4% 
for ammonia (chronic Standard only), 92% for reactive phosphate and not violated for pH (Table 6). 
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Physical Habitat     
QHEI scores ranged from 21 to 77.5 with a mean of 51.2 (Table 7).  Approximately 27% of survey 
locations were in the impaired category, 45% in the moderate category, 27% in the good category and 
1% in the excellent category.  As a group, basin-wide survey locations scored lowest on the Riffle-Run 
metric (26% of the maximum possible metric score) and highest on the Channel Morphology and 
Gradient metrics (64% of maximum possible metric score for both).  IHI scores spanned the entire index 
range (5-24) with a mean of 18.3 (Table 8).  Relative to the maximum, basin-wide locations score lowest 
on the Woody Debris metric (66%) and highest on the Buffer and Bare Bank and Substrate metrics (83% 
and 84%, respectively).  If the index score range is broken into quartiles (e.g., <9.75 is the lowest quartile 
of possible scores), 49% of survey locations are in the highest score quartile, 33% in the third quartile 
and only 18% in the lowest two quartiles.   
 
Benthic Macroinvertebrates 
Nearly 22,000 benthic macroinvertebrates were identified from surveys conducted at basin-wide 
locations from the summer samples.  Mean estimated abundance per sample was 1521 individuals 
(range: 146-6465) and mean number of taxa was 37.9 (range: 17-53).  Although Class Insecta comprised 
most of the identified individuals (87%), eight additional Classes were present with Malacostraca (a 
group of crustaceans, 8%), Bivalvia (mussels, 2%), Gastropoda (snails, 2%) and Clitellata (Oligochaete 
worms, 2%) each contributing at least two percent to the total individuals.  Individuals from the Order 
Diptera (flies) dominated basin-wide locations at 69% of the total individuals, while Trichoptera was the 
second most abundant Order at 6% of the total.  EPT taxa were 16% of the total individuals and the 
mean number of EPT per sample was 3.0. 
 
Spring EPT surveys resulted in 5244 individuals collected from 53 species.  Mean abundance per location 
was 125.7 (range: 0-544) and mean species richness was 5.8 (range: 0-16).  Ephemeropterans were most 
abundant, comprising 77% of individuals collected, and Plecopterans least abundant at 3%.  Caenis 
latipennis (Ephemeroptera), Cheumatopsyche sp. (Trichoptera) and Acerpenna pygmaea 
(Ephemeroptera) were the most common species making up 21%, 18%, and 14% of the total individuals 
collected, respectively. 
 
Fish 
Fifty-three fish species were recorded from basin-wide characterization locations.  Mean fish species 
richness was 12.9 (range: 1-24) and mean abundance was 342.4 (range: 3-2181).  Because fish survey 
effort is proportional to stream size, it may be more appropriate to report standardized values.   Mean 
species richness per 100m was 12.5 (range: 0.9-28.9) and mean abundance per 100m was 359.8 (range: 
2.9-2467).  The three most frequently occurring species were Green Sunfish (Lepomis cyanellus, 
recorded at 93% of survey locations), Creek Chub (Semotilus atromaculatus, 82%) and Bluntnose 
Minnow (Pimephales notatus, 76%).  The most abundance species were Creek Chub (15% of the total 
combined catch of all basin-wide surveys), Red Shiner (Notropis lutrensus, 13%) and Sand Shiner 
(Notropis stramineus, 13%).  The three species with the highest mean proportional density are Creek 
Chub (21%), Green Sunfish (8%) and Central Stoneroller (Campostoma anomalum, 7%). 
 
Mean IBI score for basin-wide characterization locations was 35.0 with a range of 13 to 55 (Table 9).  No 
locations were scored in the highest IBI category (moderately high), while 3%, 22%, 65%, and 9% were in 
the very low, low, moderately low and moderate categories, respectively.  On average, these locations 
scored highest in the tolerant species (5.2 of the maximum score of 6), proportion generalist feeders 
(4.5) and number of native species (4.1) metrics.  The lowest scores were observed in the number of 
 10 
   
intolerant species (an average of 0.7 of the maximum score of 6) and number of sucker species (2.2) 
metrics.          
                
Objective 2:  Sensitive Species Survey Events 
Twelve of the fifteen sensitive species locations (Objective 2) were surveyed in each study year, and one 
trio was surveyed in both 2013 and 2014 (Table 4).  Spring EPT were collected at each location in 2014 
and 2015.  Fall water quality measurements were taken at all locations in 2013 and at nine locations in 
2014. 
 
Water Quality 
Mean dissolved oxygen, conductivity, pH, ammonia and turbidity were higher in fall, nitrates were lower 
and reactive phosphorus was not measurably different from the summer samples (Table 5).  Dissolved 
oxygen exceeded the Standard in 5% of samples, reactive phosphate 0.91 of samples and Standards 
were not violated for pH and ammonia (Table 6).  
 
Physical Habitat 
QHEI scores ranged from 35.5 to 71 with a mean of 56.0 (Table 7).  No sensitive species locations scored 
in the excellent QHEI category, while 5% were impaired, 66% were moderate and 29% were good.  
Collectively, sensitive species locations scored lowest on the Riffle-Run metric (32%) of the maximum 
metric score) and highest on the Channel Morphology metric (71%).  IHI scores ranged from 13 to 24 
with a mean of 19.4 (Table 8).  Half of the sensitive species locations had IHI scores in the highest 
quartile of possible scores, 45% in the third quartile and 5% in the second quartile.  These locations 
scored high relative to the maximum in the Substrate Ratio (94%) and the Buffer and Bare Bank metrics 
(93%). 
 
Benthic Macroinvertebrates 
One hundred eighty-eight taxa and 13,742 individuals were identified from summer macroinvertebrate 
surveys at sensitive species locations.  Mean species richness of identified individuals was 47.5 (range: 
30-61) and mean estimated abundance in the samples was 3344 (range: 353-9255).  Class Insecta was 
94% of the total individuals and Malacostraca was 4% (all other taxa were <0.01).  Dipterans were 58%, 
Trichopterans 16%, Ephemeropterans 14%, Amphipods 3%, Coleopterans (beetles) 2%, Odonates 
(dragonflies and damselflies) 2% and fourteen other taxa had less than 1% of identified individuals.  EPT 
taxa were a combined 31% of identified individuals.    
 
Spring EPT surveys at sensitive species locations collected 834 individuals from 26 taxa.  Mean 
abundance was 259 (range: 7-773) and richness was 14.5 (range: 1-22) per location.  Ephemeropterans 
were 57% of the collected individuals, Tricopterans 30% and Plecopterans 13%.  Cheumatopsyche sp. 
was the most numerous taxa (18% of the individuals) followed by Perlesta sp. (Plecoptera, 13%), Caenis 
latipennis (12%) and Nectopsyche candida (Tricoptera, 10%). 
 
Summer macroinvertebrate surveys at sensitive species locations included 37 of the 82 species sensitive 
to low dissolved oxygen concentrations (IDNR and IEPA 2006).  Spring EPT surveys recorded nine of 
these sensitive species, two of which were not found during summer surveys.  No mussel species 
sensitive to low dissolved oxygen concentrations were recorded near sensitive species locations during 
recent surveys conducted by the INHS (Shasteen et al. 2013).  Fish surveys had been completed at three 
sensitive species locations during the most two recent IDNR Basin Survey events (2007 and 2012), and 
one contained two species sensitive to low dissolved oxygen concentrations.         
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Summer macroinvertebrate samples were processed in both 2013 and 2014 at 14 of the 15 sensitive 
species locations.  Mean change in species richness between years was 21% (range: 1-126%) and mean 
change in estimated abundance was 183% (range: 6-658%).  There was no obvious pattern with regards 
to which year resulted in the highest richness or abundance as half of the locations were higher in 2013.  
Higher richness and abundance occurred in the same year at nine of the thirteen ( 69%) locations where 
both values could be calculated.    
 
Objective 3:  Long-Term Trend Survey Events  
Long-term locations were surveyed in 2014 and 2015 following their establishment by the ISWS (ISWS 
2015; Table 4).  Water quality measurements were taken in three of the four locations in fall 2014.  
Spring EPT were collected at one location in 2014 and two locations in 2015.     
 
Water Quality 
Seven summer and three fall water quality measurement events occurred between 2014 and 2015.  
Dissolved oxygen, reactive phosphate and turbidity were higher in fall, conductivity and nitrates higher 
in summer and there was no seasonal difference observed for pH or ammonia (Table 5).  No Standards 
were exceeded for pH or ammonia, but dissolved oxygen was below the Standard in 20% of events and 
reactive phosphate above the Standard in 90% of samples (Table 6). 
 
Physical Habitat 
Mean QHEI score for long-term trend locations was 51.8 with a range of 31 to 71.5 (Table 7).  If the 
mean score is calculated using the 2014 and 2015 evaluations, two long-term trend locations were 
within the moderate category and one each in the impaired and good categories.  Relative to the 
maximum score, the highest scoring metric was Channel Morphology (66% of the maximum possible 
score) and the lowest was Riffle and Run (28%).  Mean IHI score was 19.8 and the range was 16 to 24.  If 
2014 and 2015 scores are averaged, two locations were in the third quartile and two in the fourth 
quartile.  Long-term trend locations scored highest relative to the maximum score in the Substrate Ratio 
metric (100%) and lowest in the Riffle metric (60%). 
 
Benthic Macroinvertebrates 
Mean summer macroinvertebrate species richness was 42.8 (range: 38-48) and mean abundance per 
sample was 2599 (range: 1092-4358).  Eighty-nine taxa from seven Classes were identified.  Class Insecta 
was most abundant (88% of identified individuals) followed by Bivalvia (5%), Clitellata (3%) and 
Gastropoda (2%).  Dipterans were the most abundant Order (57%) followed by Ephemeroptera (27%) 
and Veneroida (mussels which include Asian Clams, 5%).  All other Orders comprise less than five 
percent of the total identified individuals.  EPT taxa were 20% of identified individuals although no 
Plecopterans were observed.   
 
Mean species richness for spring EPT surveys was 5.7 (range: 4-7) and mean abundance was 115 (range: 
105-125).  A total of twelve taxa were identified.  Ephemeropterans comprised 76% of the total 
identified individuals and Trichopterans and Plecopterans were 24% and <1%, respectively.  Caenis 
latipennis (34% of the identified individuals), Acerpenna pygmaea (31%) and Cheumatopsyche sp. (22%) 
were the numerically dominant taxa.   
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Fish 
Electrofishing surveys occurred at three long-term trend locations in 2014 and 2015; however, one 
location was too deep to wade.  Twenty-nine fish species and 2564 individuals were collected.  Mean 
species richness 16.8 (range: 15-21) and mean abundance was 427 (range: 128-1323) while mean 
standardized richness was 11.0 per 100m (range: 6.0-15.4) and mean standardized abundance was 567 
per 100m (range: 29-2366).  Bigmouth Shiner (Notropis dorsalis, 16% of total individuals), Silverjaw 
Minnow (Ericymba buccata, 14%) and Sand Shiner (Notropis stramineus, 10%) were the most abundant 
species.   Blackstripe topminnow (Fundulus notatus), Bigmouth Shiner and Green Sunfish had the 
highest mean proportional density at 9%, 8% and 8%, respectively. 
 
Mean IBI score was 41.8 (range: 33-46).  Using the mean of 2014 and 2015 surveys, all three locations 
score in the moderately low category.  Long-term trend locations have high mean scores for the number 
of minnow species, number of invertivore species, proportion of generalist feeders and proportion 
tolerant species metrics, while they score low in the number of intolerant species metric (Table 9.)          
 
 
SECTION 5 – SYNTHESIS OF MONITORING DATA AND DATA FROM EXTERNAL 
SOURCES 
 
Survey procedures used during this monitoring program were standardized across location types and 
followed procedures used by State agencies.  Therefore, combining data from each monitoring objective 
and from State agencies expands spatial, temporal and environmental gradient coverage.  IDNR, IEPA 
and INHS data were combined with data collected during project monitoring activities to evaluate 
stream temperature, water quality, habitat, fish and mussels. 
 
Temperature 
Summer temperature was recorded at 60 stream segments for this monitoring program between 2013 
and 2015 (Table 3).  Thirty-four records from 27 segments within the Kaskaskia River basin were 
collected between 2003 and 2009 for a statewide evaluation of stream temperature (Hinz et al. 2011) 
and these records were added to those collected during this monitoring program.  Mean daily summer 
(July or August) temperature was 23.4oC with a range of 18.9 to 27.2oC.  Using thermal categories 
proposed by Wehrly et al. (2003) and Hinz et al. (2011), 21% of segments with records would be 
classified as coolwater (<22.0oC), 30% as transitional (22.1-23.7oC) and 49% as warmwater (>23.7oC, 
Figure 24).  Mean daily summer temperature range was 3.2oC (range: 0.8-8.8oC) and mean daily summer 
maximum was 25.1oC (range: 19.3-32.1oC).  Multiple linear regression models selected based on Akaike 
Information Criterion (AIC) were used to estimate stream temperature at all Kaskaskia River basin 
segments using records for the 87 segments where data were available.  Individual models were 
constructed for mean of the maximum daily summer temperature, mean of the daily summer 
temperature and mean daily temperature range.  The pool of potential independent variables included 
weather (air temperature and precipitation), stream channel characteristics (size and gradient), land use 
(summarized at local and upstream catchment scales) and geology (summarized at local and upstream 
catchment scales).  Simple linear regression using each independent variable was conducted first and 
results from these models were used to select combinations of variables for multip le linear regression 
analysis.  Forty models were completed for each temperature measure and all models within two ΔAIC 
of the top model were retained (Table 10).  Retained models were weighted according to their 
calculated likelihood values.  Twenty percent (17) of temperature records were reserved for model 
validation.  Air temperature, stream size and proportion of agricultural land use were important in 
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nearly all models, while geology was important to some (Table 10).  Mean difference between measured 
mean of the maximum and the associated model was 1.6oC, for the mean of the mean it was 1.2oC and 
for the mean range it was 1.4oC.  Given these mean error values are similar to the temperature range 
between the three thermal categories (i.e., only 1.7oC separates cool from warm), model estimates are 
placed into quartiles.  Quartiles were used to categorize model outputs as relationships between 
temperature and biota have not been evaluated for the Kaskaskia River basin; therefore, models should 
be used to evaluate relative thermal characteristics.      
When the models were used to estimate thermal characteristics within the Kaskaskia River basin some 
spatial patterns emerge (Figures 25-27).  The Upper HUC8 had the highest density of cooler stream 
reaches (Figure 25).  The highest quartile of the maximum daily temperature tended to be populated by 
low order streams, with the highest density in the Upper HUC8 (Figure 26).  Low order streams also 
were more numerous in the highest quartile of the daily temperature range estimates and were most 
dense in the Upper and Lower HUC8s (Figure 27).  When quartile categories for each model are summed 
(lowest = 1, middle two = 2, highest = 3), mid-order streams tended to be the coolest and most stable 
and low order tended to be warmest and least stable (Figure 28).   The Upper HUC8 has the highest 
density of cool and stable streams, while the Lower HUC8 has the highest density of warm and variable 
streams.  
Water Quality 
Between 1999 and 2011 the IEPA completed a combined total of 14,437 ammonia, nitrite and nitrate 
nitrogen, phosphorus and turbidity measurements at 247 locations for their Ambient Water Quality 
program.  Measurements are taken approximately nine times annually at locations ranging from 
wadeable streams to the mainstem Kaskaskia River.  Some locations are immediately downstream of 
permitted discharges.  The mean ammonia concentration for all location and date combinations was 
0.37mg/L and the range of annual means was 0.08 to 0.33mg/L (Figure 29).  Mean nitrate plus nitrite 
concentration was 2.90mg/L with a range of annual means of 1.85 to 3.57mg/L.  When nitrate was 
evaluated as a separate analyte it comprised 2% of the nitrate plus nitrite total making it a minor 
contributor to total nitrogen.  Nitrate plus nitrite could therefore be considered analogous to the nitrate 
measurements taken during this study.  The mean dissolved phosphorus concentration was 1.36mg/L 
with a range of annual means of 0.14 to 0.29mg/L.  Mean turbidity was 52 absorption units with a mean 
annual range of 25 to 73.  The turbidity measurement procedures used by the IEPA differ from those 
used in this study, but the measures were roughly equivalent.  
Physical Habitat 
One hundred twenty-eight QHEI evaluations were completed by the IEPA during the 2007 and 2012 
Basin Survey events in the Kaskaskia River basin.  Mean index score was 54.4 (Table 7) with a range of 
25.5 to 83.  Almost half (45%) of locations were in the moderate category, 23% in the impaired category, 
29% in the good category and 4% in the excellent category.  IEPA locations scored highest relative to the 
maximum score in the Substrate (59% of the maximum possible score) and Pool and Current (59%) 
metrics and lowest in the Riffle and Run (21%) metric.  
When QHEI evaluations from this study and the IEPA are combined, the mean QHEI score is 52.6 (Table 
7).  Impaired locations comprise 27% of evaluated streams, 46% are moderate, 24% are good and 3% are 
excellent.    The Middle, Shoal Creek and Lower HUC8s had similar QHEI scores while the Upper was 
about ten percent lower than the other subwatersheds (Table 11).  The Upper HUC8 scored lower than 
the other subbasins in the Cover, Riparian, Pool and Current and Gradient metrics.  The Upper HUC8 had 
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the highest proportion of impaired locations, while the Lower had the highest proportion of good 
locations (Figure 30).                
 
Benthic Macroinvertebrates 
The Upper HUC8 had the highest mean number of Orders recorded per survey followed by the Middle, 
Shoal Creek and Lower HUC8s (Table 12).  The Lower HUC8 had a lower mean number of taxa than the 
other HUC8s, which all had similar values.  The Lower HUC8 also had the lowest mean abundance per 
survey followed by the Upper, Middle and Shoal Creek HUC8s. 
 
The top five and seventeen of the top 20 most frequently occurring benthic macroinvertebrate taxa 
were Chironomids (Diptera; Table 13).  The remaining taxa in the top 20 were one Trichopteran, one 
Oligochaete and one Elimid (riffle beetle).  Occurrence rank for each taxa varied between HUC8s, but 
the top twelve taxa in the whole watershed were in the top 20 of each HUC8.  Fourteen of the top 20 
most abundant taxa are Chironomids, three were Ephemeropterans, while Amphipoda, Similiidae 
(Diptera) and Trichoptera each have one taxa in the top 20 (Table 14).  HUC8 ranks for each taxon are 
highly variable relative to the watershed rank as only the top four taxa are in the top 20 for each HUC8.   
 
Mean spring EPT taxa richness for the Upper, Middle, Shoal Creek and Lower HUC8s was 9.4, 7.5, 7.5 
and 5.1, respectively, while mean abundance was 228, 130, 110 and 142, respectively.  EPT taxa made 
up 20% of the total summer benthic macroinvertebrates collected.  Only ten Plecopterans were 
collected (<1% of total), while Trichopterans were 11% of the total and Ephemeropterans were 9%.          
 
Fish 
Fifty-seven electrofishing surveys were conducted by the IDNR in 2007 or 2012 in the Kaskaskia River 
basin.  The mean number of species recorded was 14.8 and mean abundance was 521.  Standardized 
richness and abundance values using sample effort cannot be calculated as the necessary information is 
not included in the IDNR database for many surveys.  Mean richness for the Upper, Middle, Shoal Creek 
and Lower HUC8s was 19.7, 12.7, 11.7 and 14.0, respectively.  The Upper HUC8 also had the highest 
mean abundance (998) followed by the Middle (395), Lower (357) and Shoal Creek (132) subbasins.  
Mean richness and abundance was lower in 2012 (12.0 and 180, respectively) than in 2007 (18.0 and 
928).     
 
When electrofishing surveys from this study and the IDNR Basin Surveys are combined, mean fish 
richness is 13.8 (range: 1-39) and mean abundance is 431 (range: 3-6920).  Lower mean richness and 
abundance values for this monitoring program is not surprising given IDNR streams were larger on 
average (mean link 37 for IDNR and 10 for monitoring locations).  Mean richness for the Upper, Middle, 
Shoal Creek and Lower HUC8s was 14.8, 12.8, 13.9 and 13.2, respectively.  Mean abundance for the 
Upper, Middle, Shoal Creek and Lower HUC8s was 540, 403, 337 and 369, respectively.   The number of 
species recorded was greatest in the Upper HUC8 (56 species) followed by Shoal Creek (54), Middle (51) 
and Lower (46) HUC8s. 
 
Considering both this study and IDNR information, Green Sunfish, Creek Chub and Yellow Bullhead 
(Ameirus natalis) are the three most frequently occurring species at surveyed locations (Table 15).  
Green Sunfish occurred at 91% of surveyed locations and Creek Chub and Yellow Bullhead each occurred 
at 73%.  All of the top 20 most frequently occurring species were recorded at 29% or more of survey 
locations and the top eleven species were recorded from at least half of locations.  Some species ranks 
were relatively stable across HUC8s (e.g., Green Sunfish, Creek Chub, Blackstripe Topminnow), but 
others varied greatly, like Creek Chubsucker (Erimyzon oblong; 22 rank range) and Pirate Perch 
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(Aphredoderus sayanus; 16).  Bluntnose Minnow, Sand Shiner and Creek Chub were the three most 
abundant species over all survey locations (Table 16).  These three species comprised 13%, 13% and 11% 
of the total individuals collected, respectively.  All of the top 20 most abundant species made up at least 
one percent of the total individuals collected and each of the top seven species at least five percent of 
the total, together making up 67% of the total.  The top 20 most abundant species comprised 93% of the 
total individuals collected.  There is less abundance rank stability across HUC8s than for frequency of 
occurrence.  For example, Striped Shiner (Luxilus chrysocephalus) is the twelfth most abundant species 
in the Upper HUC8, but was not found in the other three subbasins.  The mean range of abundance 
ranks across HUC8s for a species is 10.5 while the mean for frequency of occurrence is 7.8.       
Mean IBI score for this study and IDNR surveys is 35.7 (range: 1-59; Table 17).  Most IBI scores were 
within the middle categories with 6% of scored locations categorized as Very Low, 18% as Low, 61% as 
Moderately Low, 14% as Moderate and 1% as Moderately High.  The mean basin-wide score was lowest 
for the intolerant species and sucker species metrics (0.9 and 2.4, respectively) and highest for the 
tolerant species and proportion generalist feeder metrics (5.1 and 4.8, respectively).   The Lower HUC8 
had the highest mean IBI score, followed by the Middle, Upper and Shoal Creek HUC8s (Table 17).  The 
Middle, Shoal Creek, and Lower HUC8s scored below 0.5 in the intolerant species metric while the 
Upper HUC8 scored 1.8.  The Upper HUC8 scored substantially lower in the number of species and 
number of invertivore species metrics when compared to the other three HUC8s.  The Middle and Shoal 
Creek HUC8s had the highest proportion of locations scored as Very Low or Low (31% and 30%, 
respectively) and the Shoal Creek and Upper HUC8s had the lowest proportion of Moderate or 
Moderately High locations (13% for both; Figure 31). 
Mussels 
Mussel community information is summarized from Shasteen et al. (2013).  Thirty-two species of 
mussels were found live at survey locations, and mean species richness was 4.1 (range:  0-15).  No live 
mussels were recorded at 23 locations (24% of locations) and an additional nine locations (9%) had only 
one species.   Mean abundance was 36.4 (range: 0-349) per survey.   Mean richness for the subbasins 
was 7.2, 2.1, 5.9 and 5.8 for the Upper, Middle, Shoal Creek and Lower HUC8s.   
Many of the most frequently observed and most abundant species were not collected in all HUC8s (55% 
of top 20 species in both cases; Table 18, 19) suggesting mussel populations exhibit patchy or restricted 
distributions in the Kaskaskia River basin.  In particular the Middle and Lower HUC8s lack many of the 
top 20 species of the basin.  Two of the top 20 most frequently encountered species (Tritogonia 
verrucosa [Pistolgrip] and Ligumia recta [Black Sandshell]) and one of the top 20 most abundant species 
(Tritogonia verrucosa) are SGCN.    
Mussel communities can be evaluated using the Freshwater Mussel Classification Index (MCI, IDNR 
2006).  The MCI uses four metrics, the sum of which places a community into one of five qualitative 
categories along scale ranging from four to 20.   Mean MCI score for the basin 6.8 (range: 0-15) and 31% 
of evaluated locations were ranked Restricted, 21% Limited, 33% Moderate, 16% Highly Valued and 
none were Unique.  Mean MCI scores for the subbasins were 7.2, 4.6, 8.5 and 7.0 for the Upper, Middle, 
Shoal Creek and Lower HUC8s, respectively.  The Upper and Middle HUC8s had the highest proportion of 
locations in the Restricted category, while the Upper and Shoal Creek HUC8s had the highest proportion 
in the Highly Valued category (Figure 32).  Overall, the frequency distribution of MCI is skewed toward 
the poorer categories.    
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SECTION 6 – SUMMARY OF GRADUATE STUDENT RESEARCH 
 
Two University of Illinois Urbana-Champaign graduate students enrolled in Master of Science programs 
were funded through this project and conducted research to further understanding of aquatic 
communities in the Kaskaskia River basin.  Their research is briefly summarized here in abstracts from 
their theses. 
 
Relative Importance of Conservation Reserve Programs to Mayfly, Stonefly and Caddisfly Species 
Richness in the Kaskaskia River Basin of Illinois – Eric South, Department of Entomology 
The Conservation Reserve (CRP) and Conservation Reserve Enhancement Programs (CREP), funded by 
federal and state government, offer farmers financial incentives to take erosive agricultural lands out of 
production. Within these program landscapes, several best management practices, including riparian 
zone easements and restoration, are used along streams and wetlands to improve habitat for riparian 
and in-stream species (State of Illinois 2013). This thesis investigates the efficacy of CRP and CREP lands 
to support assemblages of three environmentally sensitive orders, Ephemeroptera (mayflies), 
Plecoptera (stoneflies), and Trichoptera (caddisflies) (EPT) in the Kaskaskia River basin, a heavily 
impacted, predominantly agricultural watershed in central and southern Illinois. A total of 10,522 EPT 
specimens were examined from 84 sites across the basin during May and June of 2013-2015. Seventy-six 
variables from geographic information system (GIS) and in-situ generated variables were used in an 
Akaike information criterion analysis (AICc) to construct a set of 13 best regression models accounting 
for variance in EPT basin richness. AICc importance values and hierarchical partitioning revealed five 
important variables associated with EPT richness: Link (number of first order tributaries), WT_Perm (soil 
permeability at the total catchment level), WT_Urban (urban land use at the total catchment level), Silt, 
and DO (dissolved oxygen). AICc showed that Link and WT_Perm have the highest importance value 
(1.00), followed by WT_Urban (0.99), and Silt (0.83). Individual percent contribution ( % I) as determined 
by hierarchical partitioning placed DO third among these five variables. The amount of CRP/CREP land in 
the drainage ranked low in relative importance and % I contribution, suggesting that this mosaic of 
conservation practices may not contribute significantly to supporting highly diverse EPT assemblages.  
 
The full document can be found at: http://hdl.handle.net/2142/90890 
 
Impacts of Voluntary Private Lands Programs on Stream Fish Diversity in the Kaskaskia River Basin, 
Illinois – Levi Drake, Department of Natural Resources and Environmental Science 
Freshwaters support over 40% of fish species diversity, as well as one -third of all vertebrate species, yet 
remain one of the most threatened habitats globally. Anthropogenic disturbances have caused many 
negative impacts throughout history, and continue to do so today. After the dust bowl we began to inch 
our way toward smarter management of our watersheds. This eventually spurred the development of 
best management practices (BMPs) to combat non-point source pollution. Voluntary private lands 
programs such as the Conservation Reserve Program (CRP) look to offer monetary incentives to 
landowners willing to implement conservation practices on their lands. Biological goals, such as 
increased native bird or fish populations, are sometimes included in programs like CRP and little has 
been done to evaluate whether those goals are being achieved or not. Sampling can often be expensive 
for these endeavors, so alternative measures for obtaining this information are valuable. Species 
distribution modeling (SDM) has provided us with a chance to gain more information about 
communities without additional sampling effort. I look to balance sampling efforts with species 
distribution modeling to investigate the effects of CRP of stream fish species richness.  
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In this study, I use data from two Illinois fisheries datasets in combination with modeled environmental 
data to predict the presence or absence of 64 fish species across the Kaskaskia River basin using random 
forest classification. Of the 64 modeled species, 52 SDMs met my model performance requirements 
(TSS>0.2). These 52 SDMs were then stacked to obtain an index of species richness across the basin, and 
then the species richness values were compared with observed richness of modeled species, via 
regression, for accuracy. The regression deviated from the ideal 1:1 line, but Theil’s Inequality 
Coefficient indicated a very strong matchup between observed and predicted richness (U=0.012). Based 
on this, I concluded that my SDMs were able to provide an accurate representation of species richness 
when the predictions of individual species models were stacked.  
 
I developed a novel standardization method using a house-neighborhood framework. “Neighborhoods” 
were built around a group of fish sampling sites in the Kaskaskia River basin, Illinois. The species richness 
of the neighborhood was then used to standardize species richness at fish sampling sites. It is expected 
that a site in a neighborhood with high species richness would have more species than a site in a 
neighborhood with low species richness. Standardization based on the neighborhood species richness 
removes this species pool effect from my models. Logit regression was then used to assess the effect of 
local habitat variables including CRP on species richness. Proportion of CRP lands within the local 
watershed for sampled sites ranged from 0% to 45.13%. Using the dredge function within the MuMIn 
package in R, all possible models were explored. R2 values were low across all models, ranging from R2 = 
0.0915 to R2 = 0.2367. The best models (ΔAIC<2) took various combinations of in-stream habitat 
characteristics with large substrate consistently being ranked as one of the most important variables for 
species richness. The proportion of CRP lands in the local watershed was not taken as a predictor for any 
of the top models, while local habitat variables were found to be the most common factors influencing 
species richness. In conclusion, my study was unable to detect any major influence from CRP on stream 
fish species richness, and shows that local habitat factors are drivers of species richness when removing 
species pool effects from models. More rigorous targeting in the CRP implementation plans may help to 
increase the effect that CRP lands can have on fish species richness. 
 
The full document is pending. 
 
 
SECTION 7 –SUMMARY 
 
The Kaskaskia River basin is a biologically diverse system with 53% of Illinois’ fish species, 47% of mussel 
species and 22% of the total BSS length.  The basin’s landscape is highly disturbed, though, as 80% of the 
total land cover is urban or agriculture, and tied to this disturbance is a high frequency of stream 
channel and hydrology modification.  But, approximately 939km2 of the basin (6% of the land area) is 
protected through public ownership or private easements, including approximately 661km 2 (4%) in 
private land conservation programs.     
 
The primary goal of this monitoring program is to provide baseline information regarding chemical, 
physical and biological characteristics of streams in the Kaskaskia River basin.  Information from these 
monitoring efforts and from State agencies and Universities provide a characterization of the basin at 
the initiation of CREP enrollments within the basin, which may be used to evaluate temporal changes as 
CREP matures.  Monitoring methods were selected specifically to correspond with existing survey 
programs (e.g. IDNR Basin Surveys) and for their repeatability as monitoring continues.   
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Characterization of the Kaskaskia River basin incorporated nearly 4000 evaluations of streams, including 
378 habitat evaluations, 180 electrofishing events, 175 benthic macroinvertebrate surveys and 96 
mussel surveys.  In general, larger streams had greater fish, benthic macroinvertebrate and mussel 
richness.  Using six quantitative and qualitative biological metrics, the Shoal Creek HUC8 had greatest 
diversity followed by the Upper, Lower and Middle subbasins (Table 20).           
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Table 1.  Proportion of Kaskaskia River basin local catchments in each NFHP disturbance  
category (Esselman et al. 2011). 
Kaskaskia Upper Middle Shoal Creek Lower 
Disturbance Rating Basin Subbasin Subbasin Subbasin Subbasin 
Very Low 0.00 0.00 0.00 0.00 0.00 
Low 0.18 0.08 0.23 0.20 0.19 
Moderate 0.39 0.21 0.49 0.44 0.42 
High 0.29 0.60 0.17 0.25 0.22 
Very High 0.06 0.03 0.03 0.05 0.10 
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Table 2.  Fish and mussel species of conservation concern recorded since 2000 in the Kaskaskia River basin.  SGCN = Species in 
Greatest Conservation Need (IDNR 2015), ST = State Threatened, SE = State Endangered, FE = Federally Endangered. 
Conservation Number of Locations 
Common Name Scientific Name Taxon Status SGCN Listing Criteria Since 2000 
Brown Bullhead Ameiurus nebulosus Fish SGCN Rare, habitat 2 
Flier Centrarchus macropterus Fish SGCN Rare, habitat 1 
Pugnose Minnow Opsopoeodus emiliae Fish SGCN Rare, habitat 2 
Western Sand Darter Ammocrypta clara Fish SGCN/SE Rare, habitat 8 
Black Sandshell Ligumia recta Mussel SGCN/ST Rare 7 
Elktoe Alasmidonta marginaa Mussel SGCN Declining 1 
Monkeyface Theliderma metanevra Mussel SGCN Rare, declining 2 
Pistolgrip Tritogonia verrucosa Mussel SGCN Declining 17 
Snuffbox Epioblasma triquetra Mussel SGCN/FE/SE 
Rare, declining, habitat, 
other vulnerabilities 
1 
Spike Eliptio dilatata Mussel SGCN/ST Rare, habitat 5 
Wartyback Amphinaias nodulata Mussel SGCN Rare, declining 3 
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Table 3.  Frequency of survey events and number of locations (unique stream segments) for physiochemical and biotic 
characterization of streams in the Kaskaskia River basin. 
Number of Survey Events 
Basin-Wide Sensitive Long-term Student Total Total 
Evaluated Characteristic Status (Obj. 1) Species (Obj. 2) Trend (Obj. 3) Research Events Segments 
Temperature Regime 47 18 2 0 67 60 
Water Quality 117 66 11 16 210 126 
Habitat 87 42 8 34 171 159 
Fish 84 0 6 34 124 110 
Benthic Macroinvertebrates 78 42 8 23 151 126 
Spring EPT Macroinvertebrates 68 30 3 0 101 86 
Total Locations: 94 15 4 31 
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Table 4.  Frequency of basin-wide characterization surveys (Objective 1) within 
each stratum. 
Stratum HUC8 Subbasin 
Size Class CRP Class Upper Middle Shoal Lower Total 
1 1 5 3 2 3 13 
1 2 2 2 4 3 11 
1 3 3 4 4 3 14 
1 4 2 3 2 3 10 
1 5 3 3 2 1 9 
2 1 2 0 3 4 9 
2 2 1 2 2 3 8 
2 3 2 1 2 2 7 
2 4 4 3 0 2 9 
2 5 1 2 1 0 4 
Total: 25 23 22 24 
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Table 5.  Mean (and range) of seven water quality parameters measured at survey locations  in the Kaskaskia River basin.  
Location 
Type Period 
Dissolved Oxygen 
(mg/L) 
Conductivity 
(μS/cm) pH Nitrate (mg/L) 
Ammonia 
(mg/L) 
React. 
Phosphate 
(mg/L) 
Turbidity 
(AHU) 
Basin- Summer 7.0 (1.1 - 13.2) 578 (96 - 857) 7.9 (7.2 - 9.0) 3.0 (0 - 16.5) 0.1 (0 - 2.5) 0.8 (0 - 7.0) 28 (1 - 177) 
Wide 
Fall 8.6 (0.4 - 17.2) 663 (293 - 1202) 8.4 (7.7 - 8.8) 2.4 (0 - 9.7) 0.3 (0 - 6.4) 1.3 (0 - 10.7) 37 (5 - 153) 
Sensitive Summer 8.4 (5.7 - 13.4) 671 (180 - 1570) 8.1 (7.2 - 8.6) 3.4 (0.1 - 14.4) 0.1 (0 - 1.0) 0.6 (0.2 - 1.4) 24 (6 - 73) 
Species 
Fall 11.5 (1.6 - 15.6) 787 (367 - 2035) 8.3 (7.2 - 9.0) 3.1 (0 - 12.0) 0.4 (0 - 4.5) 0.6 (0 - 1.6) 28 (6 - 59) 
Long-Term Summer 7.2 (4.8-8.4) 583 (269-820) 8.0 (7.9-8.2) 3.2 (0.9-9.2) 0.1 (0-0.3) 0.5 (0-1.1) 28 (15-66) 
Fall 7.5 (1.8-16.0) 543 (369-659) 8.0 (7.8-8.5) 1.4 (0.8-2.3) 0.1 (0-0.1) 1.7 (0.3-3.2) 58 (40-84) 
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Table 6.  Illinois Environmental Protection Agency General Use Water Quality Standards and proportion of water quality 
measurements exceeding those Standards (i.e., “Not Met”). 
Dissolved Oxygen (mg/L) pH Ammonia (mg/L) 
React. Phosphate 
(mg/L) 
Location Type Standard Not Met Standard Not Met Standard* Not Met Standard** Not Met 
Basin-Wide 
5.0 March-July, 3.5 
August-February 
0.16 6.5-9.0 0 7.37/1.27 0/0.04 0.05 0.92 
Sensitive Species 
5.0 March-July, 3.5 
August-February 
0.05 6.5-9.0 0 7.37/1.27 0/0 0.05 0.91 
Long-Term 
5.0 March-July, 3.5 
August-February 
0.20 6.5-9.0 0 7.37/1.27 0/0 0.05 0.90 
* First value is acute Standard and second is chronic.  Values were calculated with mean pH (8.069) and mean temperature (23.0oC).
** There is no reactive phosphorus Standard for most streams; however, the Standard for lakes is 0.05mg/L, which can serve as a 
benchmark. 
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Table 7.  QHEI metric and index scores for survey locations in the Kaskaskia River basin.  IEPA scores acquired from 
Bureau of Surface Water via personal data request.      
Metrics 
Location Type Substrate Cover Channel Riparian 
Pool-
Current Riffle-Run Gradient QHEI Score 
Basin-Wide 8.4 9.9 12.7 5.8 5.9 2.1 6.4 51.2 
Sensitive Species 9.2 10.9 14.2 6.5 7.5 2.5 5.2 56.0 
Long-Term 9.6 9.4 13.1 5.2 6.0 2.3 6.3 51.8 
IEPA 11.8 11.5 11.0 5.6 7.1 1.7 5.8 54.4 
All Sources 10.2 10.8 11.7 5.6 6.5 1.8 6.0 52.6 
Maximum Possible 
Score: 20 20 20 10 12 8 10 100 
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Table 8.  IHI metric and index scores for survey locations in the Kaskaskia River basin.  
Metrics 
Location Type Buffer-Bare Substrate Shade Riffle Woody Debris IHI Score 
Basin-Wide 4.2 4.2 3.0 3.5 3.3 18.3 
Sensitive Species 4.6 4.7 2.6 3.5 4.0 19.4 
Long-Term 4.5 5.0 3.3 3.0 4.0 19.8 
Maximum Possible Score: 5 5 4 5 5 24 
28 
Table 9.  IBI metric and index scores for survey locations in the Kaskaskia River basin.   
Metrics 
Location 
Type 
Number 
Species 
 Minnow 
Species 
Sucker 
Species 
Sunfish 
Species 
Invertivore 
Species 
Intolerant 
Species 
Proportion 
Invertivore 
Proportion 
Generalist 
Proportion Coarse 
Substrate Spawners 
Tolerant 
Species IBI Score 
Basin-Wide 3.6 4.1 2.2 3.9 3.8 0.7 3.8 4.5 3.9 5.2 35.0 
Long-Term 4.8 5.2 3.0 4.3 5.5 0.5 3.5 5.3 4.5 5.1 41.8 
Maximum 
Possible 
Score: 6 6 6 6 6 6 6 6 6 6 60 
29 
Table 10.  Parameters and relationship (positive or negative) to modeled characteristic 
of  temperature models for the Kaskaskia River basin. 
Model Model Parameters (Relationship) ΔAICc Model Weight 
Mean 1 
Air Temperature(+), Drainage Area(+), 
Riparian Agriculture(+), Watershed Soil 
Permeability(-) 
0 0.30 
Mean 2 
Air Temperature(+), Drainage Area(+), 
Riparian Agriculture(+) 
1.72 0.13 
Mean 3 
Air Temperature(+), Drainage Area(+), 
Riparian Agriculture(+), Watershed Soil 
Permeability(-), Local Catchment Soil 
Permeability(+) 
1.73 0.13 
Maximum 1 
Air Temperature(+), Drainage Area(+), 
Riparian Agriculture(+) 
0 0.33 
Maximum 2 
Air Temperature(+), Drainage Area(+), 
Riparian Agriculture(+), Watershed 
Depth to Bedrock(+) 
1.67 0.14 
Maximum 3 
Air Temperature(+), Drainage Area(+), 
Riparian Agriculture(+), Watershed Soil 
Permeability(-) 
1.73 0.14 
Maximum 4 
Air Temperature(+), Drainage Area(+), 
Riparian Agriculture(+), Precipitation(-) 
1.93 0.12 
Variation 1 
Precipitation(-), Drainage Area(+), 
Riparian Agriculture(+) 
0 0.26 
Variation 2 Precipitation(-), Riparian Agriculture(+) 0.22 0.23 
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Table 11.  QHEI metric and index scores for survey locations (IEPA and this monitoring program; 2007-2015) in the 
Kaskaskia River basin.   
Metrics 
HUC8 Substrate Cover Channel Riparian Pool-Current Riffle-Run Gradient QHEI Score 
Upper 10.6 9.9 11.2 5.3 5.6 1.8 5.3 49.7 
Middle 10.2 10.7 12.9 6.2 6.4 1.5 6.2 54.2 
Shoal Creek 9.7 11.2 13.5 5.9 7.5 2.2 5.6 55.7 
Lower 9.5 11.8 11.0 5.6 7.3 2.2 6.9 54.2 
Maximum Possible 
Score: 20 20 20 10 12 8 10 100 
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Table 12.  Mean macroinvertebrate number of orders, number of taxa and 
abundance in Kaskaskia River basin HUC8s.  Values are derived from collections in 
2013 and 2014 from survey locations. 
HUC8 Orders Taxa Abundance 
Upper 9.9 45.2 1919 
Middle 9.6 46.2 2140 
Shoal Creek 8.8 46.7 3219 
Lower 8.4 38.4 1324 
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Table 13.  Rank frequency of occurrence for the top 20 most common benthic 
macroinvertebrate species in wadeable streams of the Kaskaskia River basin. 
Values are derived from collections in 2013 and 2014 from survey locations.  “T” 
denotes a tie.   
Subbasin Rank 
Taxon Watershed Rank Upper Middle Shoal Lower 
Thienemannimyia gr. sp. 1 1 6 2 T-8 
Tanytarsus sp. T-2 T-6 T-1 1 T-2 
Polypedilum illinoense gr. T-2 2 7 T-3 T-1 
Paratanytarsus sp. T-3 3 T-1 T-5 T-14 
Ablabesmyia mallochi T-3 T-4 T-1 T-5 T-8 
Cheumatopsyche sp. 4 T-6 T-4 T-7 T-2 
Polypedilum flavum 5 T-6 T-4 T-7 T-8 
Cryptochironomus sp. 6 T-4 15 T-10 T-2 
Procladius sp. 7 T-6 T-10 T-7 T-14 
Chironomus sp. 8 T-15 T-8 T-10 T-1 
Polypedilum scalaenum gr. T-9 T-13 T-8 13 T-2 
Cladotanytarsus sp. T-9 10 T-10 T-10 T-14 
Dicrotendipes neomodestus 10 17 T-10 T-3 T-8 
Phaenopsectra sp. 11 T-11 T-10 T-14 T-8 
Tubificidae 12 T-11 T-10 20 T-2 
Paratendipes sp. 13 T-15 T-19 T-23 T-24 
Saetheria tylus T-14 T-21 T-19 16 T-71 
Rheotanytarsus exiguus gr. T-14 T-28 T-24 T-14 T-24 
Labrundinia sp. 15 18 T-16 T-27 T-14 
Stenelmis sp. 16 T-21 T-31 17 T-24 
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Table 14.  Rank abundance for the top 20 most abundant benthic macroinvertebrate taxa 
in wadeable stream of the Kaskaskia River basin. Values are derived from collections in 
2013 and 2014 from survey locations.  “T” denotes a tie.  
Subbasin Rank 
Taxon Watershed Rank Upper Middle Shoal Lower 
Cheumatopsyche sp. 1 6 3 1 4 
Polypedilum flavum 2 4 2 2 5 
Polypedilum illinoense gr. 3 1 4 4 13 
Tanytarsus sp. 4 3 5 3 9 
Cladotanytarsus sp. 5 7 1 6 40 
Chironomus sp. 6 14 16 5 3 
Procladius sp. 7 13 6 12 10 
Paratanytarsus sp. 8 11 7 8 6 
Ablabesmyia mallochi 9 11 10 10 8 
Simulium sp. 10 2 17 14 18 
Polypedilum scalaenum gr. 11 10 14 11 12 
Thienemannimyia gr. sp. 12 9 13 13 7 
Dicrotendipes neomodestus 13 22 12 9 14 
Caenis sp. 14 43 9 35 1 
Cricotopus bicinctus gr. 15 8 23 15 46 
Tricorythodes sp. 16 18 20 7 n/a 
Saetheria tylus 17 25 11 18 45 
Tribelos jucundum 18 32 8 22 62 
Hyalella sp. 19 19 19 17 28 
Baetis intercalaris 20 27 15 16 25 
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Table 15.  Rank frequency of occurrence for the top 20 most common fish species in  
wadeable streams of the Kaskaskia River basin.  Values are from 2013-2015 surveys and the 
most recent (either 2007 or 2012) IDNR Basin Surveys.  “T” denotes tied. 
Subbasin Rank 
Species Watershed Rank Upper Shoal Middle Lower 
Green sunfish 1 T-1 1 1 1 
Creek chub T-2 3 3 T-4 4 
Yellow bullhead T-2 8 2 3 3 
Bluntnose minnow 4 T-1 6 7 T-5 
Bluegill 5 10 4 2 2 
Blackstripe topminnow 6 4 8 6 T-8 
Largemouth bass 7 T-15 7 T-4 T-5 
Red shiner 8 7 5 T-9 12 
Central stoneroller 9 6 T-11 T-19 T-8 
Johnny darter 10 5 T-11 T-13 T-13 
Longear sunfish 11 T-11 14 T-9 10 
White sucker 12 T-11 T-15 T-13 7 
Sand shiner 13 14 T-9 T-9 11 
Redfin shiner 14 T-11 T-9 T-13 T-15 
Tadpole madtom 15 T-15 17 T-13 T-15 
Pirate perch T-16 17 T-20 8 T-13 
Silverjaw minnow T-16 19 T-11 T-17 26 
Creek chubsucker 18 9 19 T-19 31 
Suckermouth minnow 19 25 T-15 T-21 T-15 
Bigmouth shiner 20 23 18 T-21 19 
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Table 16.  Rank abundance for the top 20 most common fish species in wadeable  streams of 
the Kaskaskia River basin. wadeable streams of the Kaskaskia River basin.  Values are from 
2013-2015 surveys and the most recent (either 2007 or 2012) IDNR Basin Surveys.  “T” 
denotes tied. 
 
 
Subbasin Rank 
Species Watershed Rank Upper Shoal Middle Lower 
Bluntnose minnow 1 1 3 8 3 
Sand shiner 2 2 1 5 4 
Creek chub 3 5 4 2 1 
Central stoneroller 4 3 8 3 2 
Red shiner 5 4 2 10 5 
Bigmouth shiner 6 13 9 1 9 
Silverjaw minnow 7 7 5 4 11 
Green sunfish 8 15 6 6 8 
Bluegill 9 16 11 7 6 
White sucker 10 6 14 22 7 
Blackstripe topminnow 11 8 15 9 13 
Johnny darter 12 10 7 12 12 
Longear sunfish 13 9 16 17 10 
Redfin shiner 14 11 13 21 19 
Pirate perch 15 14 27 11 14 
Suckermouth minnow 16 18 10 20 17 
Yellow bullhead 17 22 12 15 15 
Creek chubsucker 18 17 19 19 27 
Striped shiner 19 12 T-54 T-52 T-47 
Largemouth bass 20 25 17 18 16 
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Table 17.  Mean metric and index scores for IBI evaluations of fish collected during this study and by the IDNR. 
Values are from 2013-2015 surveys and the most recent (either 2007 or 2012) IDNR Basin Surveys. 
Metric Scores 
Spatial Scale 
Number 
Species 
 Minnow 
Species 
Sucker 
Species 
Sunfish 
Species 
Invertivore 
Species 
Intolerant 
Species 
Proportion 
Invertivore 
Proportion 
Generalist 
Proportion 
Coarse 
Substrate 
Spawners 
Tolerant 
Species 
IBI 
Score 
Kaskaskia River 
basin 3.5 4.0 2.4 3.8 3.7 0.9 4.0 4.8 4.2 5.1 35.7 
Upper HUC8 3.0 3.6 2.4 3.5 2.8 1.8 4.5 5.1 4.9 5.1 35.6 
Middle HUC8 4.1 3.8 2.4 4.2 4.4 0.0 3.6 4.7 3.2 5.3 35.7 
Shoal Creek HUC8 4.0 4.9 2.2 4.0 4.1 0.3 3.7 4.0 4.0 4.8 34.6 
Lower HUC8 4.1 4.5 2.4 4.3 4.6 0.4 3.5 5.1 3.6 5.1 37.6 
Max. Possible 
Score 6 6 6 6 6 6 6 6 6 6 60 
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Table 18.  Rank frequency of occurrence for the top 20 most frequently occurring mussel species in 
the Kaskaskia River basin (from Shasteen et al. 2013). 
Subbasin Rank 
Species Watershed Rank Upper Middle Shoal Creek Lower 
Potamilus ohiensis 1 T-6 4 T-5 1 
Leptodea fargilis 2 T-11 1 3 3 
Lasmigona complanata T-3 T-1 T-5 T-7 T-6 
Quadrula quadrula T-3 T-4 T-2 T-1 N/A 
Pyganodon gradis 5 T-5 T-2 T-1 N/A 
Potamilus alatus 6 T-1 T-5 T-13 9 
Lampsilis cardium T-7 T-1 T-12 T-5 N/A 
Strophitus undulatus T-7 T-8 N/A T-20 2 
Truncilla truncata 9 T-8 T-12 T-9 T-4 
Quadrula pustulosa 10 T-6 T-9 T-9 10 
Tritogonia verrucosa 11 T-8 T-5 4 N/A 
Amblema plicata T-12 T-11 T-5 T-13 16 
Fusconaia flava T-12 T-15 N/A N/A N/A 
Toxolasma parvum 14 T-15 T-9 T-9 T-12 
Uniomerus tertalasmus 15 T-16 T-12 T-20 N/A 
Lampsilis teres 16 T-17 N/A 18 T-6 
Ligumia recta T-17 N/A N/A N/A T-4 
Megalonaias nervosa T-17 T-15 T-12 T-20 11 
Truncilla donaciformis T-17 T-17 N/A T-7 N/A 
Arcidens confragosus 20 T-15 N/A T-20 T-12 
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Table 19.  Rank abundance for the top 20 most abundant mussel species in the Kaskaskia 
River basin (from Shasteen et al. 2013). 
Subbasin Rank 
Species Watershed Rank Upper Middle Shoal Creek Lower 
Quadrula quadrula 1 2 2 2 N/A 
Tritogonia verrucosa 2 10 4 1 N/A 
Potamilus ohiensis 3 T-15 7 14 1 
Uniomerus tertalasmus 4 1 T-16 T-20 7 
Leptodea fargilis 5 6 6 4 5 
Pyganodon gradis 6 11 3 3 N/A 
Lampsilis siliquoidea 7 13 1 N/A N/A 
Amblema plicata 8 3 9 8 15 
Lampsilis cardium 9 4 8 5 N/A 
Quadrula pustulosa 10 9 5 11 4 
Strophitus undulatus 11 14 N/A T-20 2 
Toxolasma parvum 12 T-7 11 12 6 
Lasmigona complanata 13 T-7 10 13 9 
Truncilla truncata 14 5 T-16 15 11 
Potamilus alatus 15 12 12 18 3 
Lampsilis teres 16 26 N/A 6 12 
Fusconaia flava 17 T-17 N/A 7 N/A 
Truncilla donaciformis 18 27 N/A 9 N/A 
Arcidens confragosus 19 T-15 N/A T-23 8 
Obliquaria reflexa 20 N/A N/A 10 N/A 
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Table 20.  Biological metric rank for HUC8 subbasins. 
Metric Upper Middle 
Shoal 
Creek Lower 
Summer Benthic Macroinvertebrate Taxa Richness 3 2 1 4 
Spring EPT Taxa Richness 1 2 3 4 
Fish Species Richness 1 4 2 3 
IBI Score 3 2 4 1 
Mussel Species Richness 3 4 1 2 
MCI Score 2 4 1 3 
Mean Rank: 2.2 3.0 2.0 2.8 
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Figure 1.  Kaskaskia River basin streams, lakes  and HUC8 subwatershed boundaries.     
Middle Subbasin 
Upper Subbasin 
Shoal Creek Subbasin 
Lower  
Subbasin 
Lake Shelbyville 
Lake Carlyle 
Upstream Extent of 
Navigation Channel 
41 
Figure 2.  Ecoregions within the Kaskaskia River basin.     
42 
Figure 3.  Density of agriculture landcover in the local catchments of the Kaskaskia River 
basin.     
43 
Figure 4.  Density of grassland landcover in the local catchments of the Kaskaskia River 
basin.     
44 
Figure 5.  Density of forest landcover in the local catchments of the Kaskaskia River 
basin.     
45 
Figure 6.  Density of urban landcover in the local catchments of the Kaskaskia River 
basin.     
46 
Figure 7.  Density of disturbed (agriculture and urban) landcover in the local catchments 
of the Kaskaskia River basin.     
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Figure 8.  Density of disturbed land (agriculture or urban) in local catchments of the 
Kaskaskia River basin.     
47 
48 
Figure 9.  Estimated stream habitat degradation in the Kaskaskia River basin based on 
National Fish Habitat Partnership evaluations (Esselman et al. 2011). 
Figure 10.  Biological diversity rating of streams in the Kaskaskia River basin from Bol et 
al. (2007). 49 
Figure 11.  Biological integrity rating of streams in the Kaskaskia River basin from Bol et 
al. (2007). 50 
Figure 12.   Stream reaches classified as biologically significant (Bol et al. 2007), enhanced dissolved 
oxygen streams (IDNR and IEPA 2006) or priority streams for protection (IEPA 2011).    
51 
Figure 13.  Location of water quality measures, fish surveys and mussel surveys 
completed between 2005 and 2012. 
52 
Figure 14.  Location of fish and mussel Species in Greatest Conservation Need.  Records 
are limited to those from 2000 or more recent. 
53 
Figure 15.  Locations of Conservation Reserve Program (CRP) parcels in the Kaskaskia 
River basin (information accessed in December 2012). 
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Figure 16.  Proportion of Conservation Reserve Program (CRP) as total land use in local 
catchments in the Kaskaskia River basin. 
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Figure 17.  Proportion of Conservation Reserve Program (CRP) as total land use in local 
catchments in the Upper Kaskaskia subbasin. 
56 
Figure 18.  Proportion of Conservation Reserve Program (CRP) as total land use in local 
catchments in the Middle Kaskaskia subbasin. 
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Figure 19.  Proportion of Conservation Reserve Program (CRP) as total land use in local 
catchments in the Shoal Creek subbasin. 
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Figure 20.  Proportion of Conservation Reserve Program (CRP) as total land use in local 
catchments in the Lower Kaskaskia subbasin. 
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Figure 21.  Proportion of Conservation Reserve Program (CRP) as total land use in 
upstream catchments in the Kaskaskia River basin. 
60 
Figure 22.  Survey site selection strata and classes for basin-wide stream characterizations (Objective 1).  Stratum 
1: HUC8; stratum 2: stream size  (link number based on 1:100,000 scale linework); stratum 3: Conservation 
Reserve Program (CRP) density in local catchments. 
61 
Figure 23.  Survey locations and purpose. 
62 
Figure 24.  Location and thermal category for temperature records collected between 
2003 and 2015.  Mean value is displayed for locations with multiple records. 
63 
Figure 25. Mean of mean daily summer temperature estimated from multiple linear 
regression models. 
64 
Figure 26. Mean of maximum daily summer temperature estimated from multiple linear 
regression models. 
65 
Figure 27. Mean of daily summer temperature range estimated from multiple linear 
regression models. 
66 
Figure 28.  Combined thermal category of three temperature models.  Value is sum of quartiles from 
models.  For example, a segment in the lowest daily mean quartile, middle daily maximum quartiles 
and lowest daily range quartile would have a score of 4 (1+2+1). 
67 
01
2
3
4
5
6
7
8
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
1999 2001 2003 2005 2007 2009 2011
N
it
ra
te
 +
 N
it
ri
te
 N
it
ro
ge
n
 C
o
n
ce
n
tr
at
io
n
 (
m
g/
L)
 o
r 
 
Tu
rb
id
it
y 
(A
b
so
rp
ti
o
n
 U
n
it
s/
1
0
) 
A
m
m
o
n
ia
 o
r 
D
is
so
lv
ed
 P
h
o
sp
h
o
ru
s 
C
o
n
ce
n
tr
at
io
n
 (
m
g/
L)
 
Ammonia Dissolved Phosphorus Nitrate + Nitrite Nitrogen Turbidity
Figure 29.  Mean IEPA water quality values between 1999 and 2011 in the Kaskaskia 
River basin. 
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Figure 30.  Proportional distribution of QHEI scores calculated between 2007 and 2015 
from this study and the IEPA. 
69 
Figure 31.  Proportional distribution of IBI scores calculated between 2007 and 2015 
from this study and the IDNR. 
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Figure 32.  Proportional distribution of MCI scores (Shasteen et al. 2013). 
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